Japanese Patent Application Laid-open No. 6-194343 (1994) 

In order to detect oxygen concentrations , a 
gallium- aluminum- arsenide (GAAS) laser diode 71 is 
used. The GAAS laser diodes can produce wavelengths 
in the range of 700 nm to 780 nm, and allow to tune 
their wavelengths over the range of several nanometers 
by changing their operating temperatures. By 
selecting a suitable GAAS laser diode from the 
manufactured ones, a GAAS laser diode having a 
wavelength in the vicinity of the 760 nm oxygen 
absorption band can be selected. 
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1 

^•r S J: ^ (CIBJIJ U C i %!|$» t T ■5^;^^«r«g. 
©»2©®%«)*«C.. S^jS{!IBt{3:t^»i-r'<#3</^©!» 

cti<E>©^r©#a!(t-^4v>f i'p«^>(c<fc•,r 
sm^#Ki^-rs<fc '^icmibfcn^ 1 {cffi«8©^/ 

Cif*B4) ^Jg{3:?55i^«c«%*S-S©^jSgS-c 
4«-r5aSt©#i^fflc«e- A^^XCc^-r S J: ^ «: 

mtr^m-m. 3 cci3«8©^;^^«^a, 

im^6] :</x©il^mi. F»3jKS«SK*'^©P«t? 30 
^■Sit** 1 7^S5 ©Hn*>{ciaS8©*';^^^*IS, 
[ffll*S7] ^1&iHi-fe^i'rt©:<f;^*^»flf;K: 

a* (GAAS) U— !fX?*S^^ 1 {CS«5©;</>^^ 

{c J; orK^«Ri^©^jgi&«:|giiB3 n€)it*Jl 9 fcia 
48©;</X^«Tilfi. 

in ^1 Rz/m2<Dmmmmmmt. m 1 

©SS**(Ifflrr-5*iJfP#®%«>^*. 3(&#»-feJUrt«:ji 
«>j:^«:u— !ftr- ACDMSSrtccur i Rof^r 2 <D^mm 
*59S5}i-fi5iw-fe>if© 1 -otcAm-r^micm^y ■< )\^ 
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[^^©i^SB^SiiiS] 
[000 11 

W!j{c»if^ms«©;te«{)©//;^i»*^aK:Rirs. 

[000 2] 

[S£3fe©$ia] rtfiSiaM. #K:»M{c«ffl$tiSrt*8«l 
onr^^MSKi^or^ri^s. *f;^:JJ'*T^a*fif^ 
ffi-r # -5 *f :^ © U'<;l'**^l!t|-r -5 C i *^aj U -c 

S^a«ifiji«: *n 6 ^rSMr * W 6 Jjc 

t,>cfc*.s. c4T,6©sst!*Sia-r-5fc»{cj»»fifcaj 

^ffl©%i'©:</;^:&«T^a«. ^^W-r--<$:V>^*iUS 

I. T t, > s ^ % ji 0 r g Aj -s ^2gf» ©^ ©[©Hfiaoftit e - 
A^ffliasii-. ^*aja-rsi9»®c*i6®tr-A©?a 

■rs c i K j:oriJ->7';urt©S!fts:y;^©t6S%tm 

[000 3] 

\.^mim^L>ii')tti>wm\ c©m©S'X^ak:« 

{c+»{cWffl^tJSS«:->;^f-A*sM-r -5 J: 5 tc+^^cM 
[0004] 

[SjBi*«95-rsfcS)©#s] *^w«cn6©igraffi 

U-C(,>-5. 2|c|^HB©:«/;^:»»fJ?att, j^Sf-fe^U. ffltSt 
©»St L fc^«tS[©S!^9Si1-fij(ti©®. ^ n 

*^S42il'»»*f-r'^*:</;^©ig^% 
4X^0, *ii-)!ft&t©§^K?^«*lft]T'^#:*/;^©®45{^ 

s^»rt©*?;^©i«S{cj*fB-r ts.-:>iisyi-is 

tt©^issi^©^iei»?:Wt-.5#s?s=&*^3-a-. c 

[000 5] 

i}:K^^mm.n:m^ri>, la i cc^-rir i ©;«/;^^«fSi 



3 

af-fe;u 1 <D-ij^mitm9m9ismj&3 *yt 

36§»-fe;l' 1 *>6©;tfxoaA» 1 fiP%AP# 
iORy;ffin#i i«;J:->r$ijai?n2., #iosi>'i 

[0006] 1 «. ?aa3&*a'j5£3*ii*f;^*s 

aaa-r 4 c t tc J: o § s c i 1 4Sisa^<D 
[0 00 7] efSi7 ^ hm^i 4*5s:«si 5© 

*©t?*n«-9-7 r TS%«gffl-r S C <b fe-c* 

T T«±a b/c^r ©:^fX =&*^-C* SS+^^^ca 

1 8. R^IilKn- K (SfclJi^i-^-^) 9 

1 9SCJT5ISg7 ^;Ui»/<>e7 i 7BS86«2 OJcJ; 
-?r|g«i3n. IiIK3-F7='^;^i'i 9*50167 
-'Oi^ 1 7J:0fc2<|5IS£-riJ:^{C. Hlga-Ff^^ 
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4 

7«:iig^$nrtiS. laiga- Ff'-^ 1 9sc;@s 
y=^y.t^\ QSLims.^- F« 1 8ic«n-etia3K©ra 

PI gA&CJfl 8A%aW. Cti6©BIP**n-?tlitJ 

HSP^JI 9BRO*l 8B{Cj:-5r^gtL.. gapgi5»<i:4> 
J|giJ^©i|i«:^L.<-r€)Ci«:J:r,r^Sn.5. UK 
n-Ff'-^ Xd* 1 9©SP1 9ARiyftf3ISP»l 9B*J 
10 0^3- FS 1 8±©5?ftc:-ri5aP 1 8 ARO^tiliaJ^ 
1 8B*jiift-rSt. -eti6«rjljiiT-5>tt*f©^a{t|5I 
erj-Ff'-/:^^'! 9©P3P1 9 A^^as^n- KSl 8 
(*J©ggP 1 8A«rjijat-SJlifi®fC^Pi3n. t-A© 

S. fib. N«pap©^-c*.2.. 

[0008] muv 4 iUii^-(> {^mt. %±i^pii:m 

*f«:^-r-5, f#6nfc^i1-SSC«©tt^t-A»ai5i1- 
-F7=-f 9«:<fc-,T^fife^ti/c^ia^j^©^jS 
2{cJ;■5■rT:^^i'mm^■^tc^^3t^. C<OTi-oi/ 

m^mmmmmmm 2 2 -^etj^ 3 n i. i^M«itiis 2 

2K:tt, HigrJ-FT^-v^i' 1 9f^Jfi«:i3g?tiytlHl« 
■fe>1^2 3A^6©(i#*>«i^3n-Ct,»^. liIS£-fe>t^2 
3 »PBP 1 9 A© 1 03^-fe>1^*iijft-r-5a{C«#*» 
30 ^•rS©-C*€>*i. H^n- Fffil 8 ilHlSgn- Ff^^ 
9±©g8Pl 8ASC/1 gAiJ&iSIJlJb-Cli^i^fiSc 
tf- A *3l6#»i2 ;H 'vffljfi $ #4 © <!: c ©ft 

i5i»3tftWS2 2 w@feH2>-9-2 3*i6©cne>©m#=& 

OMB b r V a 5^ > 2 3{P 6 © m:^7© **> ^ *i1-SfcW 

itcoMWimmr-rui/ • 7= ■< i^fji (A/D)^jfe 

S2 4'v«|&b, A/DSiE»S2 4»-€-ti*7^-/J^f;U 

40 ^tbT:-7-Yi'a:a>K'cx-d?2 5'^«*&-r-5= -v-^d^p 
a>fj.-^25 «:</X»#Tilg^(*©/ci«)©$IJtai&i:Jf 

[0 00 9] f^#tbr. liieH2>1^2 3*>6©m-^© 

ig!!SrtK:^llpJj^B^c^tgs*l^w«ialS2 2rttcffl*A 

-?^i'a*>2*>6©«#{c*ff •5|D||E-b>-9-2 3 
*^6©{t-^©fi[tB*iSMb, igW«ia§2 2 *^6S;^ii[ 
S£a:*«r%^3-f±-5)J:'5«:br«sJ:Ci, v^i'Dn^f 
a-*2 5{C«[Hl?te7 ■^.»^;S^>'^•>^' 1 7©|pie4«^-r 
*lilte•fe>■!^2 6*>6©^i#*^«i^6^tl-C*^•). c©m 
30 #«|5Ilte7 ^ 1 7rt©<!:*©7 ^ ^U^dJgSil-fiSc 



5 

-^i';bBv-fi/a3>f:x-di2 5*smfiBE1*--!i^l 2R 

[0 0 1 0] ^K:-5'-fi;ia3>tjL-3»2 5», 0«7 
1 7CCll8-r-S:*fXiSSfiiJ&*^$|g2 7{C^3 

■r. fcoiitf^cetf, v-f i'n3>fjL-$2 5«— a 
©;</;3^iSSfii*^*'Jrt{cfi^L.. ifi3Bt©aa:£-y--^d';i/ 
©a«:cn6:^fer©lt{cS-^< ffi^^^fsc tfc-c 

f^tL/rv-^>rta3>f*-^2 5tt. ^ 

[0011] *> 1 4©jaS3&^^trn«. « 

<0*f::f.<DWdS.<omS.i:^tEm'3: 6 1/» ■5. C ©WS^&H 
jft-rsitsxc. ^|gl(rtiigS2 8*>6ei»m»i 4k:ej] 
JmSnSSEtJ. ^i1-SScS^:7^;U^3 c^riib-cai^.m 
»1 4^mrt,^.55fe-b>-»J-IP%3^i>|-)SdcS^«lttJS2 9©ai 
t>icfmbX^WStii>, ®RffiaWiI852 8«. fS^^fiK 
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6 

r>X{,^i. c©->;^f-AK:Tgf-r-5#jL^5 10©jg( 

«. msbis 2 0 ©aifpfceeg-r * :</;^^«T^g©iiitts 
-3-cj&t5n-5njfiett-c*5, K«i sscxiHiite 

3- Kf'^;^^' 1 9*iS>»tffi8[©IBn*WUTl,»Sfc8?) 

fc. j?y^)Bc*fe-A©^iii©^jg|^{i7'^ xrjr 1 qodIhI 

17.19 mjfwoim 2 0 j&sfB^-r * ji«i©iSi8«*i»jt 

10 i^)K«tr-Ai 6©^ias«l^ccjfii,>^ja?g[«:^csci 

K« 1 9 t<Dm<Dmmms2 1 tcm-c. mmmz o i 
cn6©8i5a®tBjisf[5i?teaffi^r-e-*T.6©iSisje*i 

lte-A©+^*-t>--fi'^u%«^3^4J:5«:. 

20 g2 1 {tmmy ■< i 7 ©lHI^£jas*lS^i-fisct^ 

[0 0 12] mSWi2 0©IiIi£3SS»-r-r i'PaX^ju 
-:>2 5{CJ;ot:*«iS|l3n-S. fliJ^^I(ita2 OilHie^ 
1 7i©ra©«^$gg3 l*s@5£J:k4WU 
-Cl»^©^. v-fi'ta3>tra-3f2 5WliIlg-fe>-t^-2 

6 *s^-rs(t#*> 6^86^2 0 ©aat^it^^sc i 

*s-C^4. v>^tJ'D3>f*-:J»2 5»mtt«|2 0©i^ 
«*-3e(C«oJ:5{c«ifPt-4. S2K:3fe#»-b;l'4 1 

5i^i1-fiJc8*2«K4 2«:J:o-cjgsS3*i-c(,»-Slffi 

ll2®Jgffi<h*WL/ri>So -7WtJ'n;^>4 4*J*g-S! 

■fe;i'4 1 ccj^urmmenri^i. $t?f*5fet«I<!:l^ 

««:5l£ifS-fe^l/4 1 «:</J^AP«8 <!:;'!/XttJP'»9 iCC 
©f^^DOtC. :)fel«-fe;l'4 Itt. :«/XAP«8RO*5!/;^ 

ttP«9f»j«:^ti^ns9:w6nrt^4 r<i:)fnj 4 5& 
CX4 6 {c J: •€-n-etij!/;!< AP® 8 SOf *f ;!^mps 9 

40 *>?.^W{C$g!»$tirc»-S, < CXn4 5SO*4 6©<fc 

ri>ctifixis. < cx*i©iaa&cxs3«:«ci?-r4. c 
[0013] •immmwfiwstmBmim\^-M.<D^v^ 
5fe#w-fe;u4 ujKJRsnsgSii-ascwtf- 
OtJiifih. l§I^{C;<f;:^#!AP'g8*>e>3&tSi2^l/4 1 4 
aio-CWPS9-vail^4©*llFS-r4J:5«:/j:*. 
50 UC©S©5t&»-fe;i'*iai{Cn^-r*^x^WSSB«:ffiffl 



3j<>y7{Ccfc^-caieifl<jK:3fe#Si2;i'4 1 imLx^-> 

lf»-bJl/4 1 C<!Wtif»-fe;l'4 1 {C«rt*R« 

5WS?!fi«Sl©J: ^ «:e!»«Sc i 4 SCXJSWS 1 5 4 

Kf'-f :^ i' 5 3 »S8ii«5 4 «: J: o-C5£a@4£S 1*^*1 

■CliS. 20 
[0014] ytmm-k)V4 1 {ca?^©;tf;^S:IS|l^{C«|*o 

2 . ROt|l«S=i - F 7= -f X 5 3 W. ltia:<D/5S551-fiJr« tr 

5£3- F«5 2SO^|5I4ten- Ff'-^ ;^5'5 3*-en^n 
ffil^<DJg«ih5 -^i'5 2A-E. RiyfS 3 A-ECCtS-Sa 
U. SF-7f i'«lllErj- Ff'^xe^S 3©|5IKI**>6 

ri^S, H4«:|5|^a-F7=-*;^i'5 3©i¥ili47n-r. 
SF^?.d»5 3A-5 3EW. RJ^CIRKtcBEWSnA: 
a»©PP4 7<»:*3SS|J»4 8<»:%WL-Ct,»S. 
s'i'SSA-SS E«:*Jt»T«raP4 7icj3||S|5^4 8 
ttiR— ji^lEf * h^5'i'52A-E**B 
5£3-F®5 2±K:I25IJ3tl-r*J»3. F7fJ'5 2A« 
F ^ t» 5 3 A (CPS U . |gI-^^©P§PRi:^4i||g|5^ 
I5l««: F^-y^'S 2B<!:5 3 B, 52C 
iSSC. 52Di53D> SCX52Ei53E«>C© 
.fJ^cieJUCC^C^rt^S. ^F^yi'53A-5 3E« 40 

s*sis©m4WL/r*j«j. -e<z^ms?5=i- Ft'^ 

Xi'5 3*iH5£3-F«5 2«:3sfLr@lg^S<fcSF-7 
^'i'53A-53E ti^^c .S^jRIgfr^^S n/tSi«© 
fc'-Aigr^^-r-S. 1 tt1fi3gt©SP 

^t«{F5^'i'5 1 A-5 lEtC^Sn. SF^-y^/ 
«lilite:3 -F7=^Xi'53 RUmm=' - F« 5 2 ±© F 
•7 9 5 3 A - 5 3 E sot 5 2 A - 5 2 E ©^© I o 
{Cfi^Cort,»*. ^F^-^i'S 1 A-5 1 E«l-3©^ 
S?^^t*9©3Stii-SScS4 fc* W * jiM $ ^ if -C A -5. . 
^T©:? -/^l/^F^-yi^SlA-SlE ttSftiSifiSt so 
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*^S{ctj|»i3-ii-iXf;^© 1 o©K4R^{c*fj£:Lrt> 
•5, StS* 1 6©f-A«@)£7 ^^l/if/Oi'S 1 . @5£ 

SF^fi'A-E {iS^tS^jSfSStiSft^^Si^ifia^* 
Wr-55^J1-fiSt«fcr-A6 1 A- 6 1 Eimmfi. 
[00 15] 5-3©F'7y i'ABSE^rW-rSSS^©^^ 
;^7'A«. l5^{C5o©S/iS;</XCO. CO, . H 

c, N. . RONO(i>w&=&ma-ci^. mtiU^ki. 

*^t?#.5^>i©iSt*ifflin?-&Sft:a)CC. 3P,;5:SF-5 

itm!mm^js.4 2 *iiut:*if»-feii'4 1 tn^x 

*). ^»H2Jl'4 lrt©:yx{Cj:-,Tim^CCKiR3tx. 

s e - A »-e-©^^^?^©sjfiS5!* -s^fi-^* 
sfe^r^. cti6©^lWM#«-5'-^f a*>4 4«:<fc 
orpi^tciftfflsn. ^'D^^^>4 4^^■tn6*T:^ 
o^ll»^i#{c^L■cii^iS5 5fc«*&-r5o mms 
h,tcmmt. m9i-wm\^~j>.6 1 ©^r©^psjffi»* 

n/cft-^»jfiiet©igi»i«^ms5 7 Anm.5 7 e--«*&3 

nS. SP»J«iaS5 7A7!»M5 7E{Ctt. ntx^Tii/t 
i^mms 8 A7^S5 8 E3!»P,©ft-^fc«i!i&3*ari,».S. 
^5 9SO'U>X6 0*S^-rS^t^-A«|nlgn- 
Ff'^Xi'S 3«rilLr3t«lffig5 8 A7!)M5 8 EtCA 
Wf-S. #**ltaS5 8A7llM5 8E«, 3l&lftWIS5 8 
A*SF^^»d'5 3A(cSLr©J:5fC. IlK^-Fr'-^ 
Xi7 5 3±© F 5 i' 5 3 A- 5 3 E© 1 -r3{CSb-CiB 
aStl, S/c««5 9*>iE>©3l£tr-A3W6<iiaS5 8A 

-A©^iS (cn6fe*ytleie=i- Ff'^xe^S 3{CJ: 

-Ff'^xd'53{cst uriR^if <^nr c» 

[ 0 0 1 6 ] la 1 ©HJfifi^CcteWSJ: Otc. S36t(^mS 

5 8 t^(0MSt:Mmikms5 1 i©iffl(cpi^»ffis?&ffi 

S-r^Cifc-C*5. laI»3MmS5 7A7!)M5 7E». 
v-r d;a*>4 4*>6©iiifi3n. aS?§ti:tem-^*» 
6. •en6K:|!lliiO)fc7fe«iaS5 8A7!(M5 8E*>6© 

m^iigwufcsiJ^iffla-r*, -:>*osi^j»tftUjs5 

7A7!iM5 7EB. ^HCf-S^i^SiSitb'-Ae 1 A- 6 
1 E ic o -c^j?£S ti/c^S(i-^©ti*i«cJt«^-r 

%w^*iai!!E«-^**ja«-*©-c*s. si^»!«^as5 

7A7!»S5 7E©tb;'3«. SPflC-T-SiH^a^ ^ 6 
2A-6 2E(C^3tlS. Ctl6©fiJ^®jS7 

6 2 A - 6 2 E W. gia-r *^l8*l»*-r S;fea&«:»-^ 

m#«. >i<H€;-r-5A/D^»s6 3A-6 3E(cErai)ns 

- 5» 6 4 3 -f 5- a n > e a - i» 6 4 W®^!5t 

(S^*3affli/'ccn6©ffi*»6;</xiga*ttso. ^ 
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- 3» 6 4 tCWA/D^gSg 6 6 «C jToT f'^ 
itStltc^<D^mmS5 8 A - 5 8 E*>6®M#fc«*l& 

«ri8S0rHI63- Hf'^ 5 3CD|Bl«ia®%»{3!— 
C 0 0 1 7 ] mrj^Lfci^cc. it»3nfc*';^ig 

©il!l««:*j(,>t:». ±jSLA:*^>^<Dflfe{C^©aiSfea9 

rnimo i^ji"- ■:f<DmmL<Dm9\-mi f - a s 
©ism. ffi^tc*f-r-s:«/:^»wiis©®is«> m<oijx 

f S:«/X^«^{l©®S{i. ?IMJ«#*i6S!^{C<fc4« 
*f-rSS!gJ;«3 4>a3!PK:fil,>C 6*5:S-*>^?c. 

COO 1 8] Lifiuuifiib, Msmimf^miiimicm^m 

igaSrS'JS-r#-&gH-:»(C5fit,>*>©t?*-S. COyfu^K. 30 
«. !RiR|g©ifi«:^LO»*>. *;fc»-etiJ;0J*5i,iSjlS» 

05 {c> ffe©;«/x©iigs«:»n^r. K«©?<ss=&«i 

ufcS^:vx**i*D-r*fc«e)©3fr^i2ii/4 mcxflfe© 

*S^}>**iiO-Cl,i.5*5. a5-C»fSBSft©/c«?){C*n6 
©S&i-4«8»U-C*i, KfRi8S*«l»i-C#-5J:^«:-r 
Sfc*«:*^y>i»A • r^l'5-':>A -lltlR (GAAS) u 
-1fi^'f:t-K7 l^ffifflLTC^S, GAASU— Ify 

K» 7007!)S 780nm©^i^(^©jS?g*%^3# 40 
iCidJ-C^, S/c^*T,6©tt{'P?aS4^^^Ct«:J: 
oTSfcn m©liSH«:*>fcorigs«:l3SSS-e-*c: 

*-5. tJSStlJtGAASU— tf^-T:*-- K*^6®^)i 
fe©4aSIJ-r C <!; «:<fc r> -C 760n m©K#®iJR^^^ia 
©?SS%wr.5GA A S I/— !f ^^--f:*-- K=&«Wt--5C 

l»-?-©SS4^S-r-5Ci{Cj:-,-C 760. 4n 
mSiiRi®© J: ifeC n 6©®iJtRi||© 1 otclHl^S 4 C 
<k*i-c$4. c©J:^cc-r-5/c«>«:, U-lf d^'-f jT- F 50 
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7 l«:3^-:/>7 2f«i(Ci2aL/> 7 2©iaS* 

R^«E«iS7 4 7 2[^©JJnJ»SIR7 3K: 
^3*a*m)E*S!^'SC<t«:J:-:,r:i--:/>7 2©S 

a[**ijtai^^. I'-^y-i 3^- k 7 i Tis&a-r-s u— tf 
^ffijcjror^fiRsnru* 1 )fef©^®ws«S7 e 

7 ?rji4 U— tf tr- A©-gp«|^i1-feS*a3a,«4 2 4jl 
•:>-C31£#»-feJb4 I'^AWLTiRiRStl. 

J:-5-C^totlS. U-1fbf-AWU-1f3<'-Y3r- K7 1 
'^©fliK^^-rscitcJror^StiS. ^iM-i: 
)14 l±{CAS*-rSffe©^-C©5S%i1-]fiJtS*fcr-A6 1©^ 
»S^c^ J: ^ {c c©^ifi^?g^*ig:^-r -5 c 
iKJco-C. 3l£#S-b.il'4 1F«3©^{CJ;4U— tfl^- 

A©9iiR(c^-r'S^»e#^. f&©if»m-^^{^sii 
[0019] wami\m<o 1 otciHiass-e-fcu— y tf- 

tmjmi&A 2 ©«ffl±tc^ti-enffiBu . u— y tr- 

A*^n6©ra-CJSW3-t±-C7fe^Sf-feJU4 Irt^lSSK 
to/coriiiSSli-. ig?Sgi?RiR3n^>x;^jU^©Si. 
?:*S»nS-&-6C<!:«:j:or. l*^-rsif»M#©:A:#S 
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